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1.0 INTRODUCTION 

This closeout report summarizes the characterization and accelerated action activities conducted 
at Individual Hazardous Substance Site (IHSS) Group 800-4 at the Rocky Flats Environmental 
Technology Site (WETS or Site) in Golden Colorado. IHSS Group 800-4 consists of one Under 
Building Contamination (UBC) site and two IHSSs: 

0 

0 UBC 886, Critical Mass Laboratory; 

IHSS 164.2, Radioactive Site #2, 800 Area, Building 886 Spill; and 

IHSS 000-121, Building 828 Sump, Tanks (21,22, and 27) and Original Process Waste Lines 
(OPWL) (partial IHSS only). 

The location of IHSS Group 800-4 is shown on Figure 1, and the UBC site and IHSSs are shown 
on Figure 2. 

Characterization and accelerated action activities were planned and executed in accordance with 
the Industrial Area (IA) Sampling and Ana1y:sis Plan (SAP) (DOE 2001a), IASAF’ Addendum 
#IA-02-03 (DOE 200 1 b), and the Ehvironmental Restoration (ER) Rocky Flats Cleanup 
Agreement (RFCA) Standard Operating Protocol (RSOP) for Routine Soil Remediation (ER 
RSOP) (DOE 2002a). Notification of the planned activities was provided in ER RSOP 
Notification #02-03 (DOE 2002b), which was approved by the Colorado Department of Public 
Health and Environment (CDPHE) on March 26,2002 (CDPHE 2002). 

This report contains the information necessary to demonstrate attainment of cleanup objectives 
and final closure of IHSS Group 800-4, including: 

* 
Site Characterization Information 

- Description of historical information for the UBC and IHSSs, including pre-accelerated 
action activities 

- Description of site characterization activities 

- Site characterization data, including data tables and maps 

Site Accelerated Action Infomiation 

- Description of the accelerated action, including the rationale for the action and map of the 
target remediation area (if applicable) 

- Map of the actual remediation area, including bounds of the excavation, and dates and 
durations of specific remedial activities (if applicable) 

- Photographs documenting site characterization and accelerated action activities 

Confirmation sampling data, including data table and sampling location map. as well as a 
comparison of the confirmation data and applicable cleanup goals (if applicable) 

1 
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Description of any deviations from the ER RSOP (if applicable) 

Description of near-term stewardship actions and long-term stewardship recommendations 

Description of wastes generated 

Description of site condition upon completion of accelerated action activities, including a 
map of residual contamination above background mean plus two standard deviations 
(background), method detection limits (MDLs), and/or Tier I1 action levels (AILS), if any 

Description of site reclamation activities 

Table of No Longer Representalive (NLR) locations that have been remediated (if 
applicable). 

Data quality assessment (DQA), including comparison of confirmation data with project data 
quality objectives (DQOs) 

2.0 SITE CHARACTERIZATIOIN 

Characterization information for IH SS Group 800-4 includes historical knowledge and analytical 
data. Historical information for the UBC and IHSSs is presented below in Sectioris 2.1 through 
2.3. Analytical data are presented in Section 2.4. 

2.1 

Information on Building 886, Critical Mass Laboratory, is from the Historic American 
Engineering Record (HAER) (DOE; 1998). Building 886 was commissioned in 1965 to house 
the Nuclear Safety Group, which performed criticality experiments on a variety of fissile 
materials to establish criticality limits and ensure safe handling and processing during Site 
operations. 

UBC 886, Critical Mass Laboratory 

Approximately 1,700 critical mass experiments were conducted in Building 886 between 1965 
and 1987. Highly enriched uranium (HEUN) was introduced into the building in the summer of 
1965, and the first experiments were performed in September 1965. Subsequenthy, the building 
was used to perform experiments on enriched uranium metal and solutions, plutonium metal, and 
low-enriched uranium oxide. After 1983, experiments were conducted primarily with uranyl 
nitrate solutions. 

Typical critical mass experiments conducted in Building 886 involved removing the fissile 
material from storage, placing it in one of the reactivity addition devices, operating the device 
remotely until criticality was achieved, measuring the slightly supercritical parameters, reversing 
the operation of the device to slightly subcritical, and returning the fissile material to storage. 
The experiments were conducted in a controlled manner and generally involved plower levels of 
no more than 10 milliwatts for no rnore than one hour. Approximately one-half of the 
experiments conducted in Building 886 actually achieved criticality. 

@ 
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Other experiments were performed to validate safety parameters for the storage of fissionable 
solutions in raschig ring tanks, resulting in the design of two substitute storage tank 
configurations: the annular tank and point tube tank. These designs allowed for more 
economical solution testing with no decrease in safety. Experiments were also conducted to 
validate the cross-sections and usefulness of materials used at the Site. 

The work performed in Building 886 supported the Site's nuclear weapons production activities 
and assisted the U.S. Nuclear Regulatory Commission in setting industry safety standards. The 
measurements were essential to validate computer models that were, in turn, used to establish 
nuclear criticality safety operating limits at U.S. Department of Energy (DOE) facilities. 

Building 886 was decommissioned in accordance with the Interim Measurehnterim Remedial 
Action (IMAM) Action Plan for the Building 886 Cluster (RMRS 1998). 

2.2 

The area immediately surrounding the building has been a source of concern for possible soil 
contamination. The summary of events provided in the HAER indicates a contamination release 
on June 9, 1969; however, no details are given in that report. In addition, on September 26, 
1989, a 500-gallon stainless steel portable tank was found leaking a colorless liquid from its 
drain valve onto the concrete, creating a wet spot approximately five inches in diameter. A 
radiation monitoring survey of the area resulted in direct counts of 650 counts per minute (cpm), 
and 12 to 24 disintegrations per minute (dpm) on a smear. This was considered low-level 
contamination. At that time, the valves were tightened, decontaminated and bagged, and the tank 
was shipped to the size reduction facility in Building 776. The concrete was decontaminated and 
sealed with acrylic paint. Soil samples indicated contamination from uranium. 

IHSS 164.2, Radioactive Site #2,800 Area, Building 886 Spill 

2.3 IHSS 000-121, Building 828 Process Waste Pit - Sump, Tanks (21,2i!, 27) and 
Original Process Waste Lines (OPWL) 

Building 886 contains several OP WL components, including Building 828, a below-grade 
concrete vault containing a sump, process waste tanks, and associated process wa.ste lines. Tank 
T-21 was a 250-gallon floor sump located in the southeast corner of the vault. Tank T-22 
consisted of two, 250-gallon stainless steel tanks located on the floor of the vault. Tank T-27 
was a 500-gallon portable tank that was located on a concrete pad north of Building 828. This 
tank was used to transfer process waste from Tanks T-21 and T-22 to the Site waste treatment 
facility. 

Tanks T-21 and T-22 were installed in 1963 and abandoned in 1978. It is unknown when Tank 
T-27 was installed. Tank T-22 held waste from the laboratories in Building 886, including 
radionuclides, laboratory soaps, janitorial cleaning fluids, and possible nitrates. Tank T-2 1 
captured overflow from T-22. 

Historical reports indicate Tanks T-2 1, T-22, and T-27 may have been associated with cesium- 
137 handling. No known releases at this location were identified in these reports. High purity 
germanium (HPGe) surveys conducted during the Operable Unit (OU) 9 Phase I Remedial 
InvestigatiodResource Conservation and Recovery Act (RCRA) Facility Investigation (RF'I/RI) 

I! 
j ;? 
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(DOE 1992) indicated radium-226, thorium-232, uranium-235, and uranium-238 were above 
background. Two sodium iodide surveys indicated radionuclide activity above background 
directly west of the tanks on the concrete driveway, and at the northeast corner of Building 828 
Activities ranged from 1,000 to 2,200 cpm. 

Tank T-27 was decontaminated, removed, and transported to the Building 776 size reduction 
facility in July 1989 after a state employee noted a wet area, approximately 4 to 5 inches in 
diameter, under the bottom drain valve of the tank. Tanks T-2 1 and T-22 were removed with 
Building 828 and the associated OPWL in accordance with the IM/IRA Action Plan for the 
Building 886 Cluster (RMRS 1998). 

2.4 Analytical Data 

As described in IASAP Addendum #IA-02-03 (DOE 2001 b) potential contaminants of concern 
(PCOCs) at IHSS Group 800-4 were determined based on data collected during characterization 
of UBC 886, as summarized in the Final Data Summary Report for the Characterization of UBCs 
123 and 886 (DOE 2001 c), and data collected during previous studies (DOE 2000a, DOE 
2001~). These pre-accelerated action data, greater than background or the MDLs, are shown on 
Figures 3 and 4. 

Results of previous sampling and analysis of surface soil at IHSS Group 800-4 indicate that 
radionuclides and metals were detected at concentrations greater than background, and 
semivolatile organic compounds (SVOCs) were detected in surface soil at concentrations greater 
than MDLs. SVOCs and volatile organic compounds (VOCs) were detected in subsurface soil at 
concentrations greater than RFCA Tier I1 ALs. 

The new characterization sampling locations proposed in IASAP Addendum #IA-02-03 (DOE 
2001b) are shown on Figure 5. The actual characterization sampling locations are shown on 
Figure 6.  The differences between the planned and actual sampling locations are summarized in 
Table 1. 

@ 

Table 2 details the characterization sampling specifications. The characterization data are 
summarized by location in Table 3, and by analyte in Table 4. As shown on Figures 7a and 7b, 
background exceedances and/or detections of organics greater than the MDLs occur at several 
locations within the IHSS Group; however, all are below Tier I ALs. Sum of ratio (SOR) 
calculations were based on the following contaminants of concern (COCs): 

Radionuclides (americium-24 1, plutonium-239/240), uranium-23 5), 

0 Metals (aluminum, arsenic, barium, beryllium, cadmium, calcium, cobalt, copper, lead, 
lithium, mercury, strontium, thallium, and zinc), 

Inorganics (nitrate and nitrite), and 

Organics (VOCs and SVOCs). 
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Characterization sample SORs are listed in Table 5 and depicted in Figures Sa through 8d. The 
Area of Concern (AOC) is shown in Figure 9. Characterization sampling results indicate that all 
contaminant concentrations are less than RFCA Tier I ALs. Tier I1 SORs for nonradionuclides 
exceed the threshold value of 1 at 10 locations in surface soils and 15 locations in subsurface 
soils. The extent and magnitude of Tier I1 nonradionuclide exceedances are shown in Figures 8b 
and 8d. The compounds primarily contributing to the Tier I1 SOR exceedances are arsenic and 
beryllium. Individual compounds that exceed Tier I1 ALs include arsenic (at C13 8-0022), 
beryllium (at CI38-00 19, 1,2-dichloroethane (at CI38-0022), and methylene chloride (at CI38- 
0002). These exceedances occur only at three locations rather than the 15 locations based on the 
more conservative SOR approach. The SOR calculations are conservative considerifig that 
arsenic and beryllium values are less than background at the majority of the sampling locations. 
The complete dataset is provided in Appendix A. 

Because there are Tier I1 SOR exceedances in the characterization samples, these data are further 
evaluated by calculating the 95% upper confidence limit (UCL) of each COC across the AOC. 
The SOR approach is then re-applied using the 95% UCL value to determine if remediation is 
necessary. 

SOR values and 95% UCL calculations are provided in Tables 6 and 7 for subsurface and surface 
soil, respectively. As shown in Table 6, the SOR for subsurface soil across the AOC is greater 
than 1. However, none of the 95% UCL values exceeds the corresponding Tier I1 AL. Further, 
the majority of the metal UCLs are less than background. The SOR values were therefore re- 
calculated to include only those compounds with 95% UCL values greater than background. The 
95% UCL for all detected organic compounds was also retained in the SOR calculations. Based 
on these parameters, the revised SOR value for subsurface soil is less than the threshold value of 
1. Therefore, no further action is warranted for subsurface soil. 

0 
Table 7 summarizes the 95% UCL and SOR calculations for surface soil. The uncensored Tier I1 
SOR exceeds 1. However, the primary drivers are arsenic and beryllium. The arsenic and 
beryllium concentrations are likely contributing to false positives because the 95% UCL for both 
of these compounds is less than background. Omitting arsenic, beryllium, and other metals with 
95% UCL values that are less than background from the SOR calculations results in a 
recalculated SOR value of zero. Similar to subsurface soil, no further action is required for 
surface soil. 
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CI38-0002 
CI38-A003 
CI38-AO04 
CI38-0006 
CI38-AO07 
CI38-0011 
CI38-0015 

e 
I 

0.07 1 . T 2 7  r- 
0.06 0.69 

0.02 0.14 
0.02 0.13 
0.02 0.14 0.05 0.54 
0.02 0.14 0.08 1.47 
0.02 0.13 0.06 0.81 
0.03 0.19 0.07 1.18 
0.03 0.15 0.10 I .83 

________ 

-+ 

-A 

~ ~ _ _ _ _ _ _ _ _ _ _  

~~ 

e 
L./ 4 

Surfuce Soil 

0.14 0.10 
0.03 .L 0.07 

CI38-0019 0.03 0.14 0.07 
0'03 0.15 

CI38-0016 1 
CI38-0018 

CI38-0020 0.02 ! 0.09 
-- 

0.14 
___.___ 

CI38-002 1 0.03 0.14 0.07 
C13 8-0022 0.03 0.17 i 0.07 

0.12 CI38-AO34 0.02 
i NA 

NA 
CI38-AO35 0.02 0.12 

C138-AO37 0.02 0.12 NA 
~ 0.02 0.12 -l- NA 

CI38-041 0.02 0.14 ! NA 
CI3 8-042 0.02 0.13 i- - NA 
CI38-043 0.02 0.13 I NA 

0.02 0.13 ! NA 
NA 
0.09 

CI38-045 0.05 0.28 
0.15 CI39-0001 0.03 

CI39-0003 0.03 0.15 0.04 
CI39-0004 0.03 0.14 0.04 
CI39-0005 0.02 0.14 0.05 

Room 101, A 0.05 0.26 NA 
Room 101, B 0.02 0.13 NA 
Room 101,C j 0.02 0.14 NA 
Room 101,D 1 0.02 0.12 NA 

___...-- 

T--- NA --- - 

.- 

.-i 
CI38-AO36 1 0.02 0.12 

c138-~038 i I 
i- 

-* 
CI38-044 

I 
___. 

(2139-0002 , 0.03 0.15 I ~ 0.07 

Table 5. Characterization RFCA Sum of Ratios (IHSS Group 800-4) 

1 

1.76 
1.20 
1.16 
1.47 
0.94 
1.13 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.56 
1.12 
0.68 
0.53 
0.96 
NA 
NA 
NA 
NA 

1 

________ 

TierISOR I TierIISOR 1 I TierllSoR ' Location 1 TierISOR 
/ Radionuclide , Radionuclide 1 Nonradionuclide Nonradionuclide 

CI38-000 1 
CI38-0002 
C138-BO03 
C138-BO04 
CI38-0005 
C138-0006 

0.03 0.15 0.08 0.68 
0.03 0.15 0.10 2.87 
0.03 0.14 0.09 0.69 
0.02 0.13 0.08 0.7 1 
0.03 0.14 0.05 0.45 
0.03 0.16 1 0.08 1.01 
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7-p- __ . _ _ _ _ ~ ~ -  ~ 

Tier I1 SOR I Location Tier I SOR Tier I1 SOR 1 Tier I SOR 

C138-BO07 0.03 0 15 0.07 0.62 
CI38-0008 0.03 0.14 0.09 0.72 
CI38-0009 0.03 0.15 0.05 0.44 , 

0.69 
CI38-001 I 0.03 0.07 0.75 
CI38-00 12 0.03 0 15 0.48 

Radionuclide Radionuclide Nonradionuclide Nonradionuciide ~ 

-___ 1 

__ - 

-_ __ 

1 

_i 
CI38-0010 0.03 0.15--- 0.08 

1 
~ ~ ~ ~ ~ _ _  

CI38-0013 0.03 0.03 0.15 0.14 iprp 1.10 1.16 j 1 
CI38-0014 
CI38-0015 0.03 0.14 1.01 
CI38-0016 0.03 0.14 0.92 
CI38-0017 0.03 0.16 0.06 0.54 
CI38-0018 0.03 0.14 0.08 0.86 
CI38-0019 0.04 0 80 
CI38-0020 0.03 1.42 
CI38-002 1 0.03 
CI38-0022 0.03 

0.09 I 1.56 
CI38-0023 0.03 
CI38-024 0.03 0.17 1 

CI38-0025 0.03 0.14 0.07 0.36 i 

0.10 1.07 i 

0.14 0.57 
1.23 

' . 1 4 4 -  0.06 
CI38-026 0.03 
CI38-0027 0.03 
CI38-028 0.03 0 15 I 0.12 
(338-029 0.02 0.08 0.95 

CI38-003 1 0.02 0.13 0.07 0.54 1 

CI38-HO32 0.00 0.00 0.06 1.10 
C138-033 0.03 0.15 0.10 0.93 
CI38-0046 0.03 0.15 0.08 1.41 

~~~ 

1 

~~~~~ 

, 

0.14 ~ _ _ _ _ _ _  
~ 

1 
d ~ _ _ _ _ _ _ _ _ _ ~  

~~ 

_- 1 

___- . 
1 

1 
CI38-0047 0.03 0.16 0.09 1.60 1 -- 
CI38-0048 0.02 0.13 0.10 I .38 1 
CI39-0001 0.03 0.15 0.1 1 1.39 1 
CI39-0002 0.02 0.13 0.05 0.57 
CI39-0003 0.03 0.15 0.1 1 1.20 
CI39-0004 0.03 0.15 0.08 0.93 1 

CI39-0005 0.03 0.15 0.05 0.94 
CI39-0009 0.03 0.15 0.06 0.4 1 

4- 

~~~~~ 

e 

Table 5. Characterization RFCA Sum of Ratios (IHSS Group 800-4) 
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3.0 ACCELERATED ACTION 

Accelerated action objectives were developed and described in ER RSOP Notification #02-03 
(DOE 2002b). The accelerated action objectives for IHSS Group 800-4 included the following: 

Remove the Building 886 slab and dispose or disposition the concrete according to the RSOP 
for Recycling Concrete (DOE 1999); 

Remove contaminated soil (if any) associated with the Building 828 sump and tanks to below 
Tier I ALs; 

Remove contaminated subsurface soil (if any); 

Remove contaminated soil (if any) associated with OPWL to below RFCA Tier ALs; and 

Disrupt the foundation drain potential pathway. 

All removal activities were completed by the Remediation, Industrial Deactivation & 
Decommissioning (D&I>) and Site Services (NSS) organization in accordance with the Interim 
Measure/Interim Remedlial Action (IM/IRA) Plan for the 886 Cluster (RMRS 1998); the RSOP 
for Facility Component Removal, Size Reduction, and Decontamination Activities (DOE 2002~); 
and the RSOP for Facility Disposition (DOE 2000b). The ER Program's involvement in the 
project was limited to characterization sampling in accordance with IASAP Addendum #IA-02- 
03, as detailed in Section 2.4. Sampling activities were conducted beginning March 14,2002, 
and concluding on June 13,2002. No contamination above RFCA Tier I ALs was found and no 
further consultation with the regulatory agencies resulted in the need to remove surface or 
subsurface soils. Project photographs are provided in Appendix B. 

D&D activities are documented in the Closeout Report for the Building 886 Cluster (in 
progress). Facility stripout began in the late 1990s, during which time equipment was removed 
from Buildings 886 and 828, and the OPWL were drained and the ends grouted closed. Facility 
demolition was initiated on April 1,2002, and completed on April 23,2002. During this time, 
the Building 886 slab and Building 828 Pit were removed, as were OPWL P-63 and P-64. 
OPWL P-65 and P-66, which appeared on facility engineering drawings, were not found and 
there was no evidence ihat they had ever been installed (Le., there were no penetrations into the 
north side of the Building 828 Pit) (see Figure 10). Gravel and soils from the excavated areas 
were temporarily stockpiled just north of the former Building 828 Pit. Samples were collected 
from the soil stockpile to determine the final disposition. Results are shown in Table 8. Because 
analytical results from the stockpile samples did not exceed RFCA Tier 11 subsurface soil ALs, 
this material was placed back into the excavations. In addition, the foundation drain was grouted 
to disrupt the potential pathway to groundwater. As shown on Figure 10, upon completion of 
D&D activities, three underground features remained at the site: 

Portions of the ventilation tunnel that ran between Building 886 and Building 875 (>3 feet 
below grade), 

An electrical mahole (>3 feet below grade), and 

The grouted foundation drain (>3 feet below grade). 

a 

49 



Dru$ Closeout Report for IHSS Group 800-4 September 2002 

Table 8. Sample Results for Excavated Soils 

51 



4.0 ACCELERATED ,4CTION GOALS 

ER RSOP Notification #02-03 (DOE 2002b) accelerated action project objectives were achieved * 
through the following: 

The Building 886 concrete slab and OPWL were removed by RISS D&D in accordance with 
the IM/IRA IRA Plan for the 886 Cluster (Rh4RS 1998), the RSOP for Facility Component 
Removal, Size Reduction, and Decontamination Activities (DOE 2 0 0 2 ~ ) ~  and the RSOP for 
Facility Disposition (DOE 2000b). Concrete was disposed or dispositioned in accordance 
with the RSOP for Recycling Concrete (DOE 1999). 

0 The foundation drain was disrupted by RISS D&D to eliminate the potential pathway to 
surface water. 

No surface or subsurface soils were found to contain contaminant concentrations greater than 
RFCA Tier I ALs; therefore, no soils were removed from the area. 

Removal activities were consistent with and contributed to the ER RSOP overall long-term 
remedial action objectives (RAOs) for WETS soil. This contribution is described below. 

RAO 1 : Provide a remedy consistent with the WETS goal of protection of human health and 
the environment. Re:moval of the Building 886 slab and OPWL contributed to the protection 
of human health and the environment because potential sources of contamination have been 
removed. 

RAO 2: Provide a remedy that minimizes the need for long-term maintenance and 
institutional or engineering controls. Removal of the Building 886 slab and OPWL 
minimizes the need for long-term maintenance and institutional or engineering controls 
because potential sources of contamination have been removed. 

RAO 3 : Minimize the spread of contaminants during implementation of accelerated actions. 
Best management practices were used to prevent the spread of contaminants during the 
accelerated action. Air monitoring data during the accelerated action did not indicate any 
exceedances. 

5.0 STEWARDSHIP ANALYSIS 

The IHSS Group 800-4 :stewardship evaluation was conducted through ongoing consultation 
with the regulatory agencies. The regulator agencies were informed through frequent project 
updates, e-mail, telephone contact, and personal contact throughout the project duration. Copies 
of these documents are provided in Appendix C. 

As discussed in Section 3.0, the accelerated action was limited to characterization sampling to 
fully characterize UBC 886, IHSS 164.2, and IHSS 000-121 in order to make an actiodno 
further action determination. Residual contamination at characterization sampling locations and 
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pre-accelerated action sampling locations is shown on Figures 1 1 a and 1 1 b. Additional removal 
actions beyond ER RSOP Notification #IA-02-03 accelerated action goals were not required at 
IHSS 800-4 because no contamination was found above RFCA Tier I ALs in surface or 
subsurface soils. 

5.1 Stewardship Requirements and Recommendations 

Implement near-term institutional controls until final closure and stewardship decisions are 
implemented, including the following: 

Post signs and barriers, and 

Restrict soil excavation through the Site Soil Disturbance Permit process. 

Recommendations for long-term stewardship actions include the following: 

Continuing Federal ownership and control over the Site, 

Review groundwater and surface water monitoring stations near IHSS Group 100-4 when 
long-term monitoring options are evaluated; and 

Land use restrictions to prevent soil excavation that could access or disturb residual 
contamination. Specific land use restrictions will be discussed in the Site Long-Term 
Stewardship Plan and evaluated along with other institutional controls for implementation in 
the final remedy selection process. 

These recommendations may change based upon other future Site remedial activities. 

5.2 Accelerated Action Stewardship 

Stewardship actions implemented during the accelerated action included posting signs and 
barriers, including yellow chain and jersey barriers. 
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6.0 POST-ACCELERATED ACTION CONDITIONS 

Residual contamination concentrations greater than background or MDLs at IHSS Group 800-4 
are shown on Figures 1 1 a and 1 1 b. 

7.0 WASTE MANAGEMENT 

Waste generated as a result of the accelerated action was limited to the following: 

Approximately 10 gallons of personal protective equipment and plastic from characterization 
sampling activities was considered low-level waste (LLW) by default. This waste was 
dispositioned with like materials in accordance with the IER Waste Management Plan (IS-H 
2001). 

Approximately 0.65 cubic yards of soil from excess sample material (Le., sample returns) 
was placed into a 55-gallon drum (#DD0946), which is being used to accumulate excess 
sample material from various ER projects. When full, thLe drum will be sampled and 
dispositioned in accordance with the ER Waste Management Plan (K-H 200 1). 

Other wastes, including contaminated concrete, were dispositioned by RISS D&D, as 
documented in the Closeout Report for ithe Building 886 Cluster (in progress) 

8.0 SITE RECLAMATION 

All excavated areas were backfilled and revegetated after characterization sampling results were 
received and discussed with the regulatory agencies through the consultative process. Excavated 
soil was used as backfill in the trench thlat it was removed from. Additionally, 32 end-dump 
loads of backfill from offsite sources were used to bring excavated areas up to grade. 

1) 
The IHSS Group 800-4 area was rough graded before topsoil was distributed over the site. The 
topsoil was graded, then scarified, and a seed mix consisting of Canada bluegrass was spread 
over the site using broadcast seeding methods. Hydromulch was applied to conserve moisture 
and prevent seed erosion. 

9.0 NO LONGER REPRESENTATIVE SAMPLING LOCATIONS 

Not applicable to this project, as no soi1.s were remediated. 

10.ODATA QUALITY ASSESSMENT 

This DQA is based on various criteria derived from the following U.S. Environmental Protection 
Agency (EPA) Guidance and DOE quality requirements: 

0 Guidance for the Data Quality Objective Process, EPA QNG-4, 1994. 

Guidance for the Data quality Assessment Process; Practical Methods for Data Analysis, 
EPA QMG-9,1998. 

General Guidelines for Data Verification and Validation, DA-GRO 1 -v 1, December 3, 1997. a 
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V&V Guidelines for Isotopic Determinations by Alpha Spectrometry, DA-RCO 1 -vl , 211 3/98. 

V& V Guidelines for Volatile Organics, DA-SS01 -vi, 12/3/97. 

V& V Guidelines for Semivolatile Organics, DA-SS02-v1, 12/3/97. 

USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 
Review, EPA 540/R-94/0 13. 

USEPA Contract Laboratory Program National Functional Guidelines for Orgarzic Data 
Review, EPA 540/R-94/012. 

Evaluation of Radiochemical Data Usability, ESIERIMS-5, Lockheed-Martin, 1997. 

Rocky Flats Cleanup Agreement (RFCA), Attachment 5, March 21,2000. 

Industrial Area Sampling and Analysis Plan (IASAP), Rocky Flats Environmental 
Technology Site, June 200 1. 

10.1 DQO Decisions 

Consistent with the original DQO decision rules of the project, an SOR calculation was 
performed on sample results. If the summation for radiological and non-radiological constituents 
does not exceed 1, respectively, relative to RFCA Tier I ALs, then remediation is not required. 
If SORs exceed one relative to Tier 11, then some management action is required, but not 
necessarily remediation. All SORs, calculated per sample, were below 1 relative to Tier I ALs, 
hence no remediation within IHSS Group 800-4 is required. Several samples, listed below (4 
subsurface soil and 1 surface soil, respectively), exceeded urdty for SORs relative to Tier I1 ALs, 
primarily due to either 172-dichloroethane, arsenic, or beryllium. SOR calculations are retained 
within the database “xx”; peer review calculations and quality control (QC) evaluations were 
performed in the database “PlanvsActuals2.mdb”. 

@ 

Sample Location Field Sample Number Primary Analyte Driving SOR 

C138-0046 02E0080-00 1 1,2-Dichloroethane 

CI38-0047 02EOO80-002 1 ,ZDichloroethane 

CI38-BO02 02E0096-002 1,2-Dichloroethane 

CI38-BO22 02E0099-007 Arsenic 

C138-0015 02E0096-0 12 Beryllium 

10.2 Verification and Validation of Results 

Verification ensures that data produced and used by the project are documented and traceable in 
accordance with quality requirements. Validation consists of a technical review of data that 
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directly support the project decisions, such that any limitations of the data relative to project 
goals are stated. Verification and validation (V&V) criteria include: 0 
0 Chain of custody, 

0 Preservation and hold-times, 

0 Instrument calibrations, 

0 Preparation blanks, 

0 Interference check samples (metals), 

0 

0 Laboratory control samples (LCSs), 

Matrix spike/matrix spike duplicates (MS/MSD), 

0 Field duplicate measurements, 

0 Chemical yield (radiochemistry); 

0 Required quantitation limits/minimum detectable activities (sensitivity of chemical and 
radiochemical measurements, respectively); and, 

Sample analysis and preparation methods. 0 

These are addressed in the following paragraphs. 

10.2.1 Precision 

Precision of field sampling was adequate based on 13 of 14 field duplicate samples repeating 
concentrations to quantities below all respective RFCA Tier 11 ALs. The one exception, Field 
Sample 02E0080-001 (Sample Location CI38-0046), exceeded the Tier I1 SOR threshold 
whereas its field duplicate did not. In this case the exceedance is treated as such and resampling 
was not performed. 

Laboratory precision was within project goals (<30% relative percent difference [RPD]), based 
on MS/MSD comparisons. Exceptions were iron, aluminum, and silica, but none of these 
analytes exceeded Tier I1 ALs, thus results were repeatable to quantities below Tier I1 ALs and 
did not impact project decisions. 

10.2.2 Accuracy and Bias 

Distance measurements recorded on maps are within +_l ft, based on the global positioning 
system (GPS) technology in use (Le., Trimble 4800 Series). 
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LCSs were collected at adequate frequencies (i.e., 2l/lab batch), and were within QC tolerances, 
with exceptions for the SVOCs and alpha spectroscopy results, where no LCS results are 
provided in the electronic data deliverable (EDD). For the given LCS results, all recoveries were 
>84%. Analyte lists for spikes were short lists for EPA Method SWSW-846 8260. A complete 
list of spikes was used for SW6010. The same comments apply to MS samples. MS recoveries 
were relatively low for cadmium and lead, 39% and 37% respectively, in batch 2091 170, which 
presents the possibility for low bias in Field Sample 02E00210-002 (Sample Location C13 8-H032) 
for cadmium and lead; otherwise, minimum recoveries were >54% other than for the exceptions 
noted. 

Methylene chloride results in real samples should be evaluated as nondetects and should not be 
used in SOR calculations, as the real results do not exceed 10 times their associated laboratory 
blank concentrations. Consequently, Field Sample 02E005 8-024 (Sample Location C13 8-024) 
which exceeded unity relative to SORs for RFCA Tier I1 ALs, should not be considered 
contaminated. 

10.2.3 Representativeness 

Samples acquired for the project are representative based on the number and location of samples 
acquired, in combination with the following criteria: 

Familiarity with Site history and current IHSS configurations, and collaborations by 
management and technical staff; 

Implementation of industry-standard chain of custody protocols; 

* Compliance with sample preservation and hold times, with the following exceptions noted by 
Field Sample Number and the corresponding Sample Location Number. 

Field Sample Number 

02EOO79-002 
02E0079-003 
02E0079-004 
02E0080-001 
02E0080-002 
02E0080-003 
02E0080-005 
02E0020-002 

Sample Location Number 

CI38-003 1 
CI38-0023 
CI38-0023 
CI38-0046 
CI38-0047 
C13 8-0048 
CI38-0046 
CI3 8-H032 

Hold times were exceeded by several days for nitrite and nitrate samples, which could present 
the potential for low bias in the reported concentrations. Based on the relatively high ALs for 
nitrites @e., 192,000 mg/kg), a low bias in the nitrite numbers, given the measured 
concentrations, is probably not significant. 

0 Documented and Site-approved methods, particularly standard operating procedures 
controlled by the subcontractor; and 

(. p 59 



Ora) Closeout Reporl for If fSS Group 800-4 September 2002 

Compliance with CDPHE- and EPA-approved sampling and analysis plans (i.e., the IASAP 
and associated Addenda). 

10.2.4 Completeness 

Sampling completeness is addressed in Table 9, where the planned samples are reflected in the 
upper portion of the table and actual samples with usable analytical/radiological results are 
reflected in the middle portion. Completeness percentages for each analytical grouping are given 
at the bottom of the table. The completeness goal of 90% was achieved for soil matrices with 
exceptions ranging downward to 88% completeness. Statistical confidence in results relative to 
action levels is not compromised by these slight disparities (Le., 2%), thus no additional 
sampling was required. 

Completeness of QC water samples at greater than 90% was not critical due to the relatively low 
number of samples that exceeded SOR thresholds and the low magnitudes of the Tier I1 AL 
exceedances. Stated differently, false positives are not at issued within results for this project. 

As shown in Table 10, all soil samples and analytical methods were validated at the required 
minimum frequencies (Le., >1 O%), including samples analyzed by gamma spectroscopy (36 
samples were validated [-36%], with no rejections). Overall, data rejection was minimal (Le., 
less than the DQO of 1 O%), and did not affect overall completeness percentages. 

10.2.5 Comparabili 

All results presented :e comparable with nation-wide Comprehensive Environmental Response, 0 
Compensation, and Liability Act (CERCLA) data and DOE-complex-wide environmental data. 
This comparability is based on: 

Use of standardized engineering units in the reporting of measurement results; 

Consistent sensitivities of measurements, generally - < 1 /2 corresponding ALs; 

Use of Site-approved procedures (e.g., contractual staternents of work for laboratory 
analyses); 

Systematic quality controls; and 

Thorough documentation of the planning and sampling/analysis process, and data reduction 
into formats designed for making decisions derived from the project's original DQOs. 
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10.2.6 Sensitivity 

Adequate sensitivities, in units of ug/kg for organics, mg/kg for metals, and pCi/g for 
radionuclides were attained for all analytes, with exceptions noted below: 

5 1-28-5 2,4-DINITROPHENOL 
12 1- 14-2 2,4-DINITROTOLUENE 
606-20-2 2,6-DINITROTOLUENE 
91-94-1 3,3'-DICHLOROBENZIDINE 
1 11-44-4 BI S(2-CHLOROETHYL) ETHER 
10061-01-5 CIS-1,3-DICHLOROPROPENE 
62 1-64-7 N-NITROSO-DI-N-PROPY LAMINE 
98-95-3 NITROBENZENE 
87-86-5 PENTACHLOROPHENOL 
1 006 1-02-6 TRANS- 1,3-DICHLOROPROPENE 

The following four analytes also had detection limits greater than RFCA Tier 1 ALs: 

CAS-NO 1 ANALYTE-NAME I 
12 1- 14-2 2,4-DINITROTOLUENE 
606-20-2 2,6-DINITROTOLUENE 

1 1 1-44-4 BIS(2-CHLOROETHYL) ETHER 

62 1-64-7 N-NITROSO-DI-N-PROPYLAMINE 

Adequate sensitivity is typically indicated by comparing an MDL (i.e., minimum detectable 
activity [MDA] for radionuclides) with the analytes respective AL. Ideally, detection limits are 
less than one half of the analytes associated AL. 

10.3 Data Quality Summary 

Data quality is acceptable for the project, with the qualifications stated in this section, based on a 
comparison of results with the referenced V&V criteria. 
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APPENDIX A 

ANALYTICAL DATA 

An electronic copy of the complete dutuset will be provided upon request 
(Excel Spreadsheet, I65 pages, 
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PHOTOGRAPH # 1 : 

April 18,2002. RISS D&D workers expose OPWL P-63 and P-64 west of Building 886, along west wall. The 
following samples were taken from this location after the lines were removed: CI38-0024, CI38-0026, CI38-0033, 
CI38-0028, and CI38-0029. 
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PHOTOGRAPH #2: 

May 15,2002. Looking southeast from the comer of the Building 828 Pit. OPWL P-63 and P-64 entered the 
corner of the Building 828 Pit where the wall is broken out. 
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PHOTOGRAPH #3: 

May 115,2002. Looking southwest at the Eluilding 828 Pit. The northeast comer has been broken out where 
OPWL P-63 and P-64 entered the Pit. Pink flagging identifies sampling location for P-64, the northem-most 
piping that entered the Pit. 
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PHOTOGRAPH #4: 

May 15,2002. Looking west at the Building 828 Pit. Sampling crew is taking soils samples after removal of 
OPWL P-63 and P-64. Pink flagging identifies sample locations. The Building 8861875 supply/exhaust 
plenum is the concrete structure seen at the top left of the photo. P-63 passed in front of the plenum and P-64 
where the flagging is displayed. 
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PHOTOGRAPH #5: 

May 15, 2002. Looking west from Building 886, at the Building 828 Pit. Sample crew is flagging locations 
where characterization samples were taken under the OPWL. Both P-63 and P-64 entered the Building 828 Pit. 
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PHOTOGRAPH #6: 

May 16,2002. Looking north and down into the Building 828 Pit after the 
structure was removed. No OPWL can be seen on the north wall of the Pit. 
OPWL P-65 and P-66 either never existed or were removed at an earlier date. 
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PHOTOGRAPH #7: 

June 3,2002. Statistical grid sampling at Building 886 locations after completion of facility demolition 
activities. 
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PHOTOGRAPH #8: 

June 3,2002. Statistical grid sampling at Building 886 locations after completion of facility demolition 
activities. 

B-9 



Closeout Report for IHSS Group 800-4 Druji - September 2002 

PHOTOGRAPH #9: 

June 3,2002. Statistical grid sampling at Building 886 locations after completion of facility demolition 
activities. 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
REGULATORYCONTACTRECORD 

Datemime: 5- 17-02 / 1 :OO 

Site Contact(s): JR Marschall 
Phone: 303-966-23 72 

Regulatory Contact: D. Kruchek 
Phone: 303-692-3 328 

Agency: CDPHE 

Steve Tower 
303-966-2 133 

DOEiRFFO 

Purpose of Contact: To record method of removal and disposition of the 828 Pit in the 886 Cluster D&D Project. 

Discussion 
Over the last several weeks there has been several discussions regarding removal and disposition of the 828 Pit. At 
the meeting on April 23,2002, after discussion regarding elevated count of the water that had seeped into the pit it 
was decided that the entire pit would be removed and not just the top three (3) feet. Since the entire pit would be 
removed and free released (if possible) it was agreed that it would no longer be necessary to perform a PDS or to 
include the 828 Pit in the final PDSR for the project. 

It was determined that, in addition to radiological samples inside the pit, Radiological Technicians would do a 100% 
survey on the underside of the bottom of the pit and the earthen side of the bottom 6’ of the walls, and a 30% survey 
on the earthen side of the remainder of the walls. If no contamination was found then a PRE would be written and 
the concrete would be sent to the site rubble pile. It was further determined that Environmental Restoration (ER) 
would review the location of the HEUN and Process Waste lines that went in the pit for signs of leakage and take 
samples of the soil under the pipes. ER would also sample the soil under the pit prior to backfill. If elevated levels 
of contamination was not found then the area could be backfilled with clean dirt. Elevated levels of contamination 
would have required proper disposition of the contaminated dirt. 

On May 16 in a telephone conversation with J.R. Marschall, Dave Kruchek also gave permission to remove the pit 
in as large of pieces as possible, put it on the surface and allow it to dry before performing the radiological surveys. 
Also on May 16 the pit was removed as above and ER took under-slab samples of the dirt as discussed; however, the 
concrete was so poor that it came out in the consistency of “oatmeal”. This made the 100% survey for radiological 
contamination on the underside of the bottom of the pit impractical and it was decided by the Project Team to take 
environmental samples of the floor to determine radioactivity. The large pieces of the pit walls were allowed to dry 
out and Radiological Operations scanned 100% of the surfaces and took (30) point samples. The pit area was not to 
be backfilled until all samples results were known. The radiological scans and point samples of the walls and the 
environmental samples taken of the earth under the HUEN lines, process waste lines, and under the pit floor were all 
below Tier II levels. Late in the day of May 2 1, the project was given approval by Environmental Restoration to 
backfill the pit area which was accomplished on May 22 using clean dirt. None of the concrete was found to be 
contaminated and the majority of the rubble from the pit was put in the on-site rubble pile with a small percentage of 
the pit (mostly rebar) sent to the Erie landfill. 

Contact Record Prepared By: J.R. Marschall 
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Required Distribution: 
R. DiSalvo, RFFO 
S. MacLeod, RFFO 

G. Scott, K-H 
D. Shelton, K-H 

Additional Distribution: 
JR Marshall, K-H 
K. Myers, K-H 

J.  Legare, RFFO K. North, K-H ESS D. Parsons, K-H 
S. Tower, RFFO A. Rosenman, K-H ESS C. Randolph, KHC 
N. Newell, CDPHE J. Mead, K-H ESS R. Seagoe, KHC 
D. Kruchek, CDPHE J. Dischinger, RFCSS A. Primrose, KH 
S. Gunderson, CDPHE 
T. Rehder, USEPA 
P. Arnold, K-H 371 
J. Berardini, K-H MS 
C. Deck, K-H 
C. Gilbreath, K-H 77 1 
T. Hopkins, K-H 776 
S. Nesta, K-H RISS 

D. Johnson, K-H ESS 

c-3 



-7 
i 



. .  
L s n 22 
2 

a a 
2 2 
a a 

-0 -0 

m 

2 

- 
U 

g 

C 

g 
n 

C 

g 
h 

c c 8 
h 

IC c 
q 

3 n 

C C * 
2 
N 

0 LD 

2 
0 N 

0 
0 m 

? 
N 

0 LD N 

2 
N 

0 
0 N 

3 
N 

i 

n 

l i  

c 
C 

1 

r 

(0 
00 
00 

cl, 
m 

cu" 
ni E 

1 

1 1 



r 

0 

0 
0 

3 R 

0 

m m 
0 N 

3 

0 0 N m m 
0 N 

0 

<<J m 
0 N 

2 

1 N 

0 

8 m w 

0 

8 

8 

0 

N m 
0 N 

E? 

0 
0 
(D 
N co 
0 N 

m 
(D OD 

?? 
I 

I 
I 

_- 

Lo 
0 

2 
CY cu 
0 

? O  
a3 m 

cl 
cb m 
0 

0 
h 

0 
2- 

m 

-d- 
0 

8 
d, 
i3 
m 

30 a3 

cr)- ~ 

0 
- 

0 
m , o  
. .  - 
0 g o  

cb m 
0 

0-l 
0 

?* ci, 

m 

8 
7 0  03 

m 
0 

u-3 
0 

? O  

0 

-3 
N 
i0 
ib 

a5 

Q -  
0 
Q 

0 

U 



e 0 0 i 
1 

c 
a, 
a, U 

u) 
U m 
0 
LZI 
r 
B 

Dl 
K 

3 
'tj 

m 
- .- $ 5  

0 0  

0 
0 
I L 

Q 
(4 
-7 
0 
0 
a3 

0 0  

Q 
a 
rl 
m 
d 
h 

0 0 0 
UJ d N Q 

rl .-i 4 
m m m m 
d d d d 

h h 

0 

rl 

7 h 
I I 

Q Q 
a ID 0 
m 
d 
h 

- 
Q 
d 
h 

m 

, 
c 
T 
U 
T 

e 
r 

a 

a 
r 
U 
T 
U c 
c. 

G 
G 
U 
d 

G 
PI 

a 

Q 
a 
d 
d 
Q 
n 
a 

a 
U 
d 
d 
a 
Q 
r. 

a 
d 
ct 
ct 
cc 
G 
n 

m 
N 
d 
ct 
CD 
m 
N 

Q 
m 
d 

03 
0 
N 

0 

M 
d 
0 
N 

m 

a 

0 
W 
M 
d 
03 
0 
N 

0 
d 
M 
d 
03 
0 
N 

Q 
d 
Ln 
d 

0 
N 

a 

Q 
N 
Ln 
d 
Q 
N 

co 

Q 
Q 
Ln 
d 
0 
N 

a 

Q 

d 
d 
CT) 
0 
N 

a 

d 
d 

Q 
N 

a 

0 
d 
d 
d 
0 
N 

a 

0 
N 
d. 
d 
0 
N 

a 

0 
Q 
d 
d co 
Q 
N 

0 
03 
M 
d 

0 
N 

a 

10 
M 
d 

c3 
N 

m 

%l 
d 
TI 
d 
x) 
3 
Y 

+ + 

+ 

-t 

+ + + + + + 

+ + + + + + + 

0 
c\J 

- -  at- lo 
- I  

0 
0 
0 

c\( 
0 
0 a T 

cv 
0 

00 
90 
- m. 
0 

& m - 
0 

T- A N  m 

CO , T- 
0 

03 
c3 

0 0  
- 
0 

0 
n 

T- 
T- 
d 
90 
00 

0 
40 
03 
M - 
0 

: m  
0 
.- 

0 

O 
T- 

-t 
0 

! 

0 CT) 
0 
0 

03 
40 

% G  I -I-- 0 
0 

O O  ob 
m - 
0 
T- 
O 
0 
0 

M 
A 
0 0  
- 

0 
0 

c\I 
0 
0 

00 m 
9 
- 
0 

t- -& 
0 

0 

0 

+ c + + + I 

l 

a, co 
a3 

I i  + + + 

+ + t + + + + + 

Q 

4 

d 
h 

a 
m 

0 
UJ 
rl 
m 
d 
h 

Q 
d 
4 
m 
d 
h 

m 
N 
rl 
m 
d 
h 

Q 
0 
.-I 
m 
d 
h 

Q 

Q 
d 
h 

a 
m 

0 
CD 
0 

d 
h 

m 

0 
d 
0 
m 
d 
h 



ffl 
a, 
Q 

(I) 
C 
a 
m 
N 
t 
0 
m 
m 

- 
5 
.- 
-I- 

.- 
-I- 

L 

5 
0 

-0 
C 
3 
0 u. 
O z 
-I- 

1 a 
0 

0 

8 x 

C 
5 

2 
a 

q 

F 
C 

C C 

E 
h 

C : cc E 

O 0 

5 
O h! 

0 w 
m 0 N 

0 0 m 
N m 
R 

0 

N m 
0 N 

i? 

i 
L3 
R 

?-‘I p 
zi 
t 

C l  

- 
c 

I___) 

1- \ // -+ 
\- 4 -  \ 

I /  
1 0 

r\l 
‘0 
0 
w 
f! 
0 

N 
N 
00 
f! 
0 

0, 

0 
- 
z m  
r, 
c> 

0 

\ 
I 

I 
/ 

I 

0 

0 

0 

I 
W 
0 
0 0 

& @  
’ $ 2  

0 

8 
0 
80 
m 
0 

, 
0 

O .  

8 
0 

I 0 

? ? S 9  
0 - I O -  

0 0 ’  
I 

T 
0 
0 

20 
0 

r. 
0 
0 

$. 
m 
0 

gr 
& *  0 

s 
0 

0 

0 

5 ppp 998 I 
-d 

____I i 
____.I 

4 

0-m- 

I - 0  

L I  O 

, “ ‘ :  1 
____I 

-+ 

e 0 



0 

v) 
.I- .- 

b 
(9 
t 
8 
rn 

0 .  

0 O 

m U I.- 

m 
0 

rn 8 
x 

0 ?? m 
5: 
3 x r. 

C 
5 

F 
a 

c 
F 
2 

C 

F 
C 

C 
C 
c? 
c n 

.- 
a 

8 K 

0 

3 m 
0 N 

0 0 

N 00 
0 N 

m 

0 

N 00 
0 N 

P 

0 
0 
(D N a3 

a 

m 
m 

w w w w  g g  

i - -1- 

e -  - -  - m 

0 

e 1 @ 

8 -0  
'e.. * 0 0 

0 

0 0 

m 
m / 

\ 

$11 
di v u v v v  

1 
0, vovvvvvvvvvvvvvuvvvvv 

0 m 

I 

'1 v v v o v v  

0 0 U m # 0 
0 Lo 
07 13 0 T 

0 u 
0 I. 
0) 07 

8 
0 0 co 0 0 

07 m P r. x I. 

m x 2 2 r. 



7 
(I) 

c 
a, 
a, 
LL 

3 

0 N 

0 

0 
N 

0 

0 

m 8 
x 

0 0 00 

r. 9 
0 w 
2 
m 

C : 
2 

5 :: 
c 

C 

:: 
s 

C 
E 2 
r\: 

E 
8 
0 N 

0 

N 00 
0 N 

8 

0 0 co N co 
0 N 

0 

N 
00 
0 N 

e 

0 0 W N co 
0 N 

% co 
I- 
co 

+- 

I 

1 

-I 

1 

I 

I 

d- d 
-0 - -0 
0 0 

d 
-0 
0 

d 
'-0 
0 

r 

m 
- 0  

10 

Lo 
T O  
0 

d 
T O  
0 

. .  
-. 
dl Lo 

' 0  
0 

d 
-0 d 

7 0  
0 

i 0 m 
-0 

I 0 

m 
70 
0 

v) 
'10 
0 

3 
OD 00 

0 0 V 0 0 0 
0 0 

v r. 3 iz iz r. x z I. 
m 

0 
0 h 
0) V 

0 
0 a3 

B 0, 

0 0 m 0) m 



f 
c 
0 
+ 

0 
0 
Lo 

z- 
m 
m 
0 

-c. 

0 

7 

0 
L 

0 z 

F 

$ 
0 

z E 
C h 

c C 

9 x 

0 0 

6 
8 

0 

8 
8 

0 

8 
a? 0 N 

0 
8 
3 
N 

0 

N 
E 

8 

0 

E 
a, 0 N 

m 
(D 
a? 
a, t 

r- 
b.0 
'c- 

co 
T O  
T 

I 

1 

' o l  
-7-0 

t - 7 -  

d- 
Loo 
0 

U 
0 

i t 

8 
(? 

8 0 0 
10 a U r. 

T 

U r- 
m 

8 0 0 r. 

U I?. 

co a T I. 

0 0 
cr) a 
U r. 

0 0 m cn 
U r. m 



m 
f .- - 
a 

0 

0 0 m 
9 r- 

0 0 r.. 

r.. 8 

C 
-i 

? 

C 
(c 

c( 

CI 

C 

n (c 

C 

C 

cp oc C 0 

E 

i a 
cu 

0 w 
8 
N 

0 0 m 
N co 
0 N 

0 

N m 
0 N 

e 

0 

E 
00 0 N 

0 

8 N 

8 
8 
0 N 

0 0 

rv 8 

0 

ci m 
0 N 

z 

8 0 
N 

0 0 m 

8 
N 

0 0 
30 N 

3 N 
m 

J 

u 
3 

2 

3 

n 
a 
-4 

m 
(D m m L- 

.. 

Lo m 
1-0 

0 
Y" 

0 
-0 
0 

' 0  ti 0 a 
r 

d- 
-0 

I 
I 

d- 
70 
0 

d- 
' 1 0  
0 

cn 
-. " 
0 

-. 0 
0 

-u 
-0 
0 

m 
T- 

o m  
-0 
0 

m 
' 0  
0 

_ -  

I 

Lo 
7 0  
0 

m 
8 I 

M r- 
m 

1 i 

0 0 
0 m 
TY 

8 
? E 

m 
i: 

0 0 W 0 0 I. 

P m 
0 0 

a m x r. 
8 m 
8 E I. 

XC 0 <- 



0 
x Y 
0 
0 
IY 

0 0 00 

r. 9 
0 

m R r. 
E 8 

K 
Ln m m $ 

D t. , 
I 

I 

m 
m W 
00 
t- 

C 

-c 
a 
c 

C 
P 
a 
0 

E 

2 
E 

e : 
cc C n 

8 
F! 
c\! 

0 w 
00 0 N 

0 
8 
9 
0 N 

0 

N 00 0 N 

e 

0 w 
m 0 N 

0 

0 ,  
0 

(D 

u 
" 0  6 0  

T- 

(D 
7 0  
T- 

0 
N 
-7- 

0 
a 

0 
' 9 0  

r 
d 

T- 

90 
T- 

w o  
-0 
0 z r- m 

0 
0 

cu 
b 
0 10 

d o  
0 

0 
b 
9 
T 

T- 

o 
0 

T- 

Q) nl Q) 

0 

1 

co 
00 
co 

-I 

I -  

I 

0 0 0 
0 
D m 

0 0 Lo 
0 0 
0 t. 

D $ 
0 0 

m E 
r. x r. 2 K r- P r. 

m m 



w 0 

0 N 

t) c m 

0 
0 
Ln 

0 0  

0 0 r- 

U 
m 
r. 

m 
W m 
2 C 

z F 

C 

$ 
% 

2 :: 
C c 

C 
5 
2 
C c 

C 

$ 
% 

f K 
cc C n 

a a m n cc 
C n 

0 

N 
e 
8 
m 

0 

N co 
0 N 

% 

W m 03 

-i 

-t 

i 

m 



0 

i N 

0 0 m 

8 
hl 

0 0 

E 
5!l 

0 

c? 

0 N 
m 

E 
8 
N 

0 

3 
m 0 N 

0 w 
m 0 N 

0 

P 
i 

0 0 
(D N 

w 

i 

m 
0 
1 

E 

-i 

/ 

/ 

r 

, 

x 
o w  1- 4 
2 

0 

i 
0 
0 
W 
CY 
0 

2 
P E 

-1 - 

I 

I 
1 

... 
\ 

1 

1 

0 0 m m 

x 
8 m 
-3 I. 



U 
K 
3 
0 
LL 
0 z 
* 

2 a 
0 

U) 
U m 
0 
rY 
r a 

U) 

E e 
i% 

8 
K 
m m 

0 

m i? 
r? 

0 

P 
8 
I.- 

0 c3 W m 

a 
0 

8 N 

0 

! 

0 
0 N 

8 R 

0 

e> co 
2 

R 

0 

8 w 

z a 
8 

0 0 co 
N co 
0 N 

0 e a R 

0 w 
co 0 N 

----.- 

I 

L 

t- 

0 0 co m 
g. I.- 

0 
0 W 

r- 8 
0 0 

! 



f 


